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STRAINED TRANSISTOR INTEGRATION FOR 
CMOS 

FIELD 

[0001] Circuit devices and the manufacture and structure 
of circuit devices. 

BACKGROUND 

[0002] Increased performance of circuit devices on a sub 
strate (e.g., integrated circuit (IC) transistors, resistors, 
capacitors, etc. on a semiconductor (e.g., silicon) substrate) 
is typically a major factor considered during design, manu 
facture, and operation of those devices. For eXample, during 
design and manufacture or forming of metal oXide semicon 
ductor (MOS) transistor semiconductor devices, such as 
those used in a complementary metal oXide semiconductor 
(CMOS), it is often desired to increase movement of elec 
trons in N-type MOS device (NMOS) channels and to 
increase movement of positive charged holes in P-type MOS 
device (PMOS) channels. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0003] The embodiments of the invention are illustrated 
by Way of eXample and not by Way of limitation in the 
?gures of the accompanying draWings in Which like refer 
ences indicate similar elements. It should be noted that 
references to “an” embodiment of the invention in this 
disclosure are not necessarily to the same embodiment, and 
they mean at least one. 

[0004] FIG. 1 is a schematic cross section vieW of a 
portion of a semiconductor substrate base. 

[0005] FIG. 2 is the semiconductor substrate of FIG. 1 
after forming a layer of graded silicon germanium material 
on the substrate. 

[0006] FIG. 3 shoWs the semiconductor substrate of FIG. 
2 after forming an electronically insulating material betWeen 
areas of the graded silicon germanium material. 

[0007] FIG. 4 shoWs the semiconductor substrate of FIG. 
1 after selective deposition of a layer of silicon material over 
a ?rst area of the graded silicon germanium material. 

[0008] FIG. 5 shoWs the semiconductor substrate of FIG. 
1 after selective deposition of a layer of silicon germanium 
material over a second area of the graded silicon germanium 
material, Where the silicon germanium material has a higher 
concentration of germanium than the graded silicon germa 
nium material has at the second area. 

[0009] FIG. 6 shoWs the semiconductor substrate of FIG. 
1 after forming a layer of high dielectric constant material 
over the selectively deposited silicon and the selectively 
deposited silicon germanium material. 

[0010] FIG. 7 shoWs the semiconductor substrate of FIG. 
1 after forming an NMOS device in the selectively deposited 
silicon material, and a PMOS device in the selectively 
deposited silicon germanium material. 

DETAILED DESCRIPTION 

[0011] FIG. 1 is a schematic cross section vieW of a 
portion of a semiconductor substrate base. As shoWn in FIG. 
1, silicon base 110 may include, be formed from, or groWn 
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from poly-crystal silicon, single crystal silicon, or various 
other suitable technologies for forming a silicon base or 
substrate, such as a silicon Wafer. For eXample, according to 
embodiments, base 110 may be formed by groWing a single 
crystal silicon substrate base material having thickness H0 
of betWeen 100 angstroms and 1,000 angstroms of pure 
silicon. 

[0012] FIG. 2 is the semiconductor substrate of FIG. 1 
after forming a layer of graded silicon germanium (SiGe) 
material on the substrate. FIG. 2 shoWs substrate material 
120 of graded silicon germanium formed on top of substrate 
base 110. For eXample, substrate material 120 may be a layer 
of graded relaXed silicon alloy material formed by chemical 
vapor deposition (CVD) epitaXial groWth of graded relaXed 
SiGe in a chamber, such as a semiconductor device fabri 
cation chamber. More speci?cally, such CVD groWth may 
be accomplished by placing substrate base 110 into the 
chamber, heating the inside of the chamber to a temperature 
betWeen 500° Celsius and 1,000° Celsius in a hydrogen 
ambient ?oW (H2) of betWeen 5 standard liters per minute 
(SLM) and 50 SLM, pressuriZing the chamber to a pressure 
betWeen 10 Torr and 200 Torr (e.g., such as either by 
atmospheric or reduced pressure), ?oWing into the chamber 
a silicon precursor (e.g., such as the silicon precursor 
described herein) at a How into the chamber of betWeen 50 
SCCM and 500 SCCM, and sloWly increasing a How of 
germanium precursor from 0 SCCM to a ?nal value suf? 
cient to cause upper surface 129 to have a percentage of 
germanium betWeen 10% and 35% germanium. More par 
ticularly, the How of germanium precursor may be increased 
suf?ciently to cause a grading of germanium from 0% initial 
concentration of germanium, such as at loWer surface 121, 
to increase to betWeen 20 and 30% ?nal concentration 
germanium, such as at upper surface 129 at for instance, a 
grading rate of change of germanium concentration of 10% 
germanium per micrometer in depth (e.g., such as per 
micrometer in depth of thickness H3). According to embodi 
ments, it is considered that substrate material 120 may have 
a concentration of germanium, such as at upper surface 129, 
of betWeen 5 and 20% ?nal concentration germanium. 

[0013] Thus, according to embodiments, the grading rate, 
and/or thickness of the graded silicon germanium material 
may be varied to provide a selected ?nal concentration of 
germanium at upper surface 129 resulting from a selected 
grading rate initiated at loWer surface 121. Moreover, 
according to embodiments, the grading rate may be estab 
lished by a continuous change in grading, a linear change in 
grading, a non-linear change in grading, and/or a step 
grading change of germanium concentration in substrate 
material 120. Speci?cally, for eXample, the How of germa 
nium precursor can be increased so that the grading rate 
increases smoothly and continuously, or so that the grading 
rate has an abrupt step-grading change of germanium con 
centration in substrate material 120 of betWeen 1% and 2% 
increments every 1,000 to 2,000 angstroms. Additionally, 
according to embodiments, the initial How of germanium 
precursor, increase in How of germanium precursor, and 
?nal How of germanium precursor may be selected and may 
vary Widely depending on the desired ?nal target concen 
tration of germanium in substrate material 120 (e.g., such as 
at upper surface 129), the temperature used during forma 
tion, and the concentration of the germanium precursor. 
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[0014] For instance, in one embodiment, the germanium 
precursor may be germane (GeH4) and may be increased in 
How linearly, or non-linearly versus time to achieve a 
selected grading pro?le, and may be increased to a ?nal ?oW 
value suf?cient to cause upper surface 129 to have a selected 
percentage of germanium. Also, the germanium precursor 
may be a germane precursor diluted in H2, or may be pure 
germane increased to a ?nal ?oW at or beloW 100 SCCM. In 
fact, it is possible to increase the How of germanium 
precursor to groW a relaxed graded ?lm of silicon germa 
nium With up to 100% germanium at upper surface 129. 

[0015] Likewise, according to embodiments, substrate 
material 120 may be graded relaxed silicon germanium 
material having a grading concentration that increases from 
0% at loWer surface 121 to betWeen 10% and 30% at upper 
surface 129, at a rate of betWeen 5% and 15% increase in 
germanium per micrometer in depth (e.g., such as in depth 
related to thickness H3). Graded relaxed silicon germanium, 
includes graded silicon germanium in a “relaxed” status 
such as Where the alignment of silicon and germanium 
molecules in the SiGe structure (substrate base 110 plus 
substrate material 120) have relatively feW dislocations, 
even Where the percentage of Ge grading increases (e.g., 
such as increasing via smooth or step grading). 

[0016] Also, according to embodiments, forming graded 
relaxed silicon germanium may include ?oWing betWeen 50 
SCCM and 100 SCCM of HCL during CVD epitaxial 
groWth of substrate material 120. For example, a suf?cient 
amount of HCl may be introduced during formation of 
substrate material 120 to increase or improve the planarity of 
upper surface 129, to reduce or control so-called “cross 
hatch” that develops during relaxed silicon germanium 
groWth (e.g., such as to reduce the crisscross strain or grid 
pattern in or at upper surface 129 that may be attributed to 
relaxation of silicon germanium molecules during deposi 
tion). Furthermore, according to embodiments, although 
substrate material 120 is described above as being formed of 
graded silicon germanium, substrate material 120 may be 
formed by CVD epitaxial groWth, ultrahigh vacuum (UHV) 
CVD epitaxial groWth, and/or molecular beam epitaxy 
(MBE) epitaxial groWth of various appropriate silicon alloys 
(e.g., such as silicon germanium). Thus, for example, sub 
strate material 120 may be formed by suf?cient CVD of 
various appropriate silicon alloy materials to form a graded 
relaxed layer of silicon alloy material having a thickness 
betWeen 1 and 3 micrometers in thickness, such as by CVD 
of silicon germanium to form graded substrate material 120 
having a thickness H3 of 2 micrometers in thickness. More 
over, substrate material 120 may be formed by an appropri 
ate layer transfer/bonding techniques, such as a substrate 
SiGe On Insulator (SGOI) process Where a relaxed SiGe 
substrate is prepared by groWing SiGe on a bulk substrate by 
an appropriate process and then transferring a relaxed top 
layer of the SiGe to a different substrate (e.g., such as to 
substrate base 110, Which may be a silicon oxide Wafer) to 
form substrate material 120. It is also considered that 
substrate material 120 may be non-graded silicon alloy 
material. 

[0017] FIG. 2 also shoWs substrate material 120 having 
?rst area 123 and second area 125 of upper surface 129, 
Which are suitable for depositing a transistor device semi 
conductor channel material onto. For example, FIG. 3 
shoWs the semiconductor substrate of FIG. 2 after forming 
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an electronically insulating material betWeen areas of the 
graded silicon germanium material. FIG. 3 shoWs shalloW 
trench isolation (STI) material 130 betWeen ?rst area 123 
and second area 125. Although FIG. 3 shoWs STI material 
130 betWeen ?rst area 123 and second area 125, various 
appropriate electronically insulating materials and structures 
suf?cient for isolating a P-type Well of a CMOS device from 
an N-type Well of the CMOS device are contemplated. 

[0018] Next, according to embodiments, substrate mate 
rial 120 may be doped at ?rst area 123 With one of boron and 
aluminum to form a P-type Well region 122 having an 
electrically positive charge, such as for a an NMOS tran 
sistor of a CMOS device. Similarly, substrate material 120 
may be doped at second area 125 With phosphorous, arsenic, 
and/or antimony to form N-type Well region 124 having an 
electrically negative charge, such as for a PMOS transistor 
of a CMOS device. To selectively dope ?rst area 123 and 
second area 125, a mask may be placed over the non selected 
area to block the introduction of deposit into the non selected 
area. 

[0019] After P-type Well region 122 and N-type Well 
region 124 are formed in substrate material 120, a layer of 
silicon material having a thickness suitable as a ?rst channel 
for a ?rst circuit device on ?rst area 123 of substrate material 
120 may be formed to de?ne a ?rst interface surface of 
substrate material 120. In addition, a layer of silicon ger 
manium material suitable as a second channel for a second 
circuit device on second area 125 of substrate material 120 
may be formed to de?ne a second interface surface of 
substrate material 120. For example, FIG. 4 shoWs the 
semiconductor substrate of FIG. 1 after selective deposition 
of a layer of silicon material over a ?rst area of the graded 
silicon germanium material. FIG. 4 shoWs ?rst dielectric 
layer 140 formed over second area 125 of substrate material 
120. According to embodiments, ?rst dielectric layer 140 
may be formed of a material such as an etch stop and/or 
dielectric material, including silicon dioxide (SiOZ), silicon 
nitride (Si3N4), an etch stop dielectric, or other suitable 
dielectric. 

[0020] After forming ?rst dielectric layer 140, ?rst layer 
150 may be formed over ?rst area 123 of substrate material 
120. For example, as shoWn in FIG. 4, ?rst layer 150 is an 
epitaxial layer of silicon material formed by selective CVD 
epitaxial groWth of tensile strained silicon, such as a layer of 
silicon experiencing a tensile strain in directions of arroWs 
152 and 154 caused by a lattice spacing of the silicon 
material being smaller than a lattice spacing of the relaxed 
graded silicon germanium substrate material 120 at ?rst area 
123. Selective CVD epitaxial groWth of the silicon layer 
may include placing structure 400 Without ?rst layer 150, 
into a chamber, heating the inside of the chamber to a 
temperature betWeen 600° Celsius and 900° Celsius in a 
hydrogen ambient ?oW (H2) of betWeen 5 SLM and 50 
SLM, pressuriZing the chamber to a pressure betWeen 10 
Torr and 200 Torr (e.g., such as by pressuriZing either to 
atmospheric or reduced pressure), and ?oWing into the 
chamber a silicon precursor at a How of betWeen 50 SCCM 
and 500 SCCM to form an epitaxial layer of silicon material 
having a thickness H1 betWeen 10 nano-meters and 20 
nano-meters in thickness. For example, ?rst layer 150 may 
have a thickness suf?cient to avoid dislocations, mis?ts, or 
threaded dislocations betWeen ?rst layer 150 and substrate 
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material 120 at a ?rst interface de?ned Where ?rst layer 150 
is coupled to upper surface 129 of substrate material 120 at 
?rst area 123. 

[0021] More particularly, forming ?rst layer 150 may 
include ?oWing dichlorosilane (SiH2Cl2) to selectively 
deposit silicon material having a thickness H1 of betWeen 
100 angstroms and 1,000 angstroms of pure silicon. More 
over, it is contemplated that forming of ?rst layer 150 may 
include introducing betWeen 50 SCCM and 500 SCCM of 
HCl, such as by ?oWing HCl during selective CVD epitaxial 
groWth of tensile strain silicon (e.g., such as is described 
above With respect to forming substrate material 120). 
Furthermore, according to embodiments, although ?rst layer 
150 is described above as being formed by CVD epitaxial 
groWth, ?rst layer 150 may be formed by other appropriate 
processes including UHV CVD epitaxial groWth, SGOI, 
and/or MBE epitaxial groWth, such as those described 
herein, to form a layer of silicon. 

[0022] Also, according to embodiments, ?rst layer 150 
may include various other appropriate silicon material that 
Will experience a tensile strain When formed on ?rst area 
123. 

[0023] After forming ?rst layer 150, a second dielectric 
layer may be formed over ?rst layer 150, and then a layer of 
silicon germanium material suitable as a second channel for 
a second circuit device may be formed on second area 125 
of substrate material 120. For example, FIG. 5 shoWs the 
semiconductor substrate of FIG. 1 after selective deposition 
of a layer of silicon germanium material over a second area 
of the graded silicon germanium material, Where the silicon 
germanium material has a higher concentration of germa 
nium than the graded silicon germanium material has at the 
second area. FIG. 5 shoWs different second layer 160 
suitable as a second channel for a second circuit device 
formed on second area 125 of graded silicon germanium 
substrate material 120, and second dielectric layer 142 
conformally formed over ?rst layer 150 at ?rst area 123. 
According to embodiments, second dielectric layer 142 may 
be formed of a material, by a process, and to a thickness, 
such as described above for ?rst dielectric layer 140. For 
example, second dielectric layer 142 may be conformally 
deposited over the surface of ?rst layer 150 in that the 
thickness of second dielectric layer 142 is consistent 
throughout and conforms to the topography of the surface of 
?rst layer 150. 

[0024] In particular, FIG. 5 shoWs second layer 160, such 
as an epitaxial layer of silicon alloy material that may be 
formed by selective CVD epitaxial groWth of compressive 
strained silicon germanium. For example, second layer 160 
may be formed by selective CVD epitaxial groWth by 
placing structure 500 Without second layer 160 into a 
chamber, heating the chamber inside to a temperature 
betWeen 500° Celsius and 800° Celsius in a hydrogen 
ambient ?oW (H2) of betWeen 5 SLM and 50 SLM, pres 
suriZing the chamber to a pressure betWeen 10 Torr and 200 
Torr (e.g., such as pressuriZing to atmospheric or reduced 
pressure), ?oWing into the chamber a silicon precursor at a 
How rate of betWeen 50 SCCM and 500 SCCM, and ?oWing 
into the chamber a germanium precursor at a How rate of up 
to 100 SCCM (undiluted) to cause second layer 160 to have 
a percentage of germanium betWeen 20% and 60%. Thus, 
second layer 160 may be formed, such as With a suf?cient 
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percentage of germanium, to cause second layer 160 to 
experience a compressive strain in directions of arroWs 162 
and 164 due to a lattice spacing of epitaxial layer of silicon 
alloy material being larger than a lattice spacing of graded 
silicon germanium substrate material 120 at second area 
125. Speci?cally, formation of second layer 160 can include 
?oWing a germanium precursor at a rate such that second 
layer 160 is an epitaxial layer of silicon germanium material 
having a thickness H2 of betWeen 10 nano-meters and 20 
nano-meters in thickness. Therefore, second layer 160 may 
have a thickness suf?cient to avoid dislocations, mis?ts, or 
threaded dislocations at a second interface de?ned by Where 
second layer 160 is coupled to upper surface 129 of substrate 
material 120 at second area 125. 

[0025] It can be appreciated that ?oWing a silicon precur 
sor for forming second layer 160 may include ?oWing a 
precursor and/or ?oWing at a rate such as is described above 
With respect to ?oWing a silicon precursor to form substrate 
base 110 and ?rst layer 150. More particularly, for example, 
the silicon precursor described above for forming second 
layer 160 may be dichlorosilane (SiH2Cl2) ?oWn at a rate 
suf?cient so that When combined With the ?oWing of the 
germanium precursor, a silicon germanium material may be 
formed to provide second layer 160 having thickness H2 of 
betWeen 100 angstroms and 1,000 angstroms of silicon 
germanium material. LikeWise, ?oWing of a germanium 
precursor described above With respect to forming second 
layer 160 may include ?oWing a germanium precursor 
and/or ?owing a germanium precursor at a ?oW rate as 
described above With respect to ?oWing a germanium pre 
cursor to form graded silicon germanium substrate material 
120. Speci?cally, for instance, ?oWing a germanium precur 
sor to form second layer 160 may include ?oWing germane 
(GeH4) suf?ciently to cause second layer 160 to have a 
selected percentage of germanium and a selected thickness 
(e.g., such as by ?oWing germane as described above With 
respect to forming graded silicon germanium substrate mate 
rial 120 in FIG. 2). 

[0026] Moreover, it is contemplated that forming second 
layer 160 may include introducing betWeen 50 SCCM and 
500 SCCM of HCl, such as is described above With respect 
to forming ?rst layer 150 at FIG. 4. Furthermore, according 
to embodiments, although second layer 160 is described 
above as being formed of graded silicon germanium, second 
layer 160 may be formed by CVD epitaxial groWth, UHV 
CVD epitaxial groWth, SGOI, and/or MBE epitaxial groWth 
of various appropriate silicon alloys (e.g., such as silicon 
germanium). 
[0027] In addition to the doping at ?rst area 123 and 
second area 125 described above, according to embodiments 
doping can be done in a “self-aligned” manner, such as a 
manner Without additional masking. For instance, ?rst 
dielectric 140 shoWn in FIG. 4 may be deposited over Wafer 
300 of FIG. 3 (e.g., including ?rst area 123 and second area 
125). Then, resist (e.g., such as a photoresist) may be spun 
and exposed over P-Well 122. The resist is then removed and 
?rst dielectric 140 is etched to expose the ?rst area 123 over 
P-Well 122. Next, ion implantation can be performed to dope 
P-Well 122 (e.g., such as With dopants as described above for 
doping ?rst area 123). The remaining resist is stripped from 
Wafer 300 and ?rst layer 150 is selectively deposited as 
shoWn in FIG. 4. Moreover, a similar process can be used 
When forming second dielectric 142 and second layer 160, 
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to dope second area 125 (e.g., such as With dopants as 
described above for doping second area 125), and resulting 
in the structure shoWn in FIG. 5. It can be appreciated that 
the order of certain “self-aligned” doping processes men 
tioned above can be reversed. 

[0028] Also, according to embodiments, a distinction is 
draWn With respect to the increasing percentage or grading 
concentration of germanium in the relaxed silicon germa 
nium substrate material (e.g., such as substrate material 120 
having a percentage of Ge increase such as a percentage of 
Ge increasing via smooth or step grading) and the sudden 
increase in germanium at an interface betWeen the graded 
relaxed silicon germanium substrate material and the chan 
nel SiGe (e.g., such as the sudden increase betWeen second 
layer 160 Which has a greater percentage of Ge at second 
area 125 than substrate material 120 by, for example, 
betWeen 10 percent and 30 percent.) Thus, the channel SiGe 
material (e.g., second layer 160) may form a coherent 
alignment With the graded relaxed substrate material SiGe 
(e.g., such as at second area 125 of substrate material 120; 
Where substrate material 120 may also be in coherent 
alignment Within the graded substrate, such as along thick 
ness H3), but Will experience compressive strains 162 and 
164 because of the jump in percentage in Ge betWeen the 
channel material and the substrate material, at the substrate/ 
channel interface (e.g., such as Where second area 125 
contacts second layer 160). Furthermore, although descrip 
tions above for forming second layer 160 are focused on 
forming a layer of silicon germanium, according to embodi 
ments, second layer 160 may be formed of various appro 
priate silicon alloy materials, such as by selective epitaxial 
CVD of such a material. 

[0029] It is noted that ?rst layer 150 and/or second layer 
160 may be formed after formation of electronically isolat 
ing regions betWeen ?rst area 123 and second area 125 (e.g., 
such as prior to forming STI material 130) so that high 
temperature processes for forming electronically isolating 
regions Will not be a factor in reducing selected thickness of 
or in inducing relaxation of a tensile strain in ?rst layer 150 
and/or a compressive strain in second layer 160. Moreover, 
it is appreciated that selective formation of ?rst layer 150 
and/or second layer 160 on ?rst area 123 and second area 
125 may include a siZe of ?rst area 123 and a siZe of second 
area 125 selected to be small enough to increase or provide 
sufficient stability of ?rst layer 150 to alloW tensile strain 
deposition on a buffer of relaxed graded silicon germanium 
substrate material 120 With a selected percentage of germa 
nium at ?rst area 123, as Well as to alloW compressive 
strained deposition of second layer 160 on a buffer of 
relaxed graded silicon germanium substrate material 120 
having a selected percentage of germanium at second area 
125 Which is approximately equal to the percentage of 
germanium at ?rst area 123. 

[0030] Also, ?rst layer 150 may be doped With boron 
and/or aluminum to form a P-type channel region having an 
electrically positive charge, (e.g., see ?rst dielectric layer 
140 above) and second layer 160 may be doped With 
phosphorous, arsenic, and/or antimony to form an N-type 
channel region having an electrically negative charge. For 
example, ?rst layer 150 and/or second layer 160 may be 
doped by introducing the dopants identi?ed above during 
deposition of, or doping With the dopants identi?ed above 
after deposition of ?rst layer 150 and/or second layer 160. 
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Thus, ?rst layer 150 and/or second layer 160 may be doped 
With a suf?cient amount of an appropriate type of dopant to 
form a P-type channel region and/or a P-type channel region, 
respectively, such as for a NMOS and/or PMOS device, 
respectively, such as for a CMOS circuit. Speci?cally, for 
example, ?rst layer 150 and/or second layer 160 may be 
doped With betWeen 1.0 exponential to the 17th and 1.0 
exponential to the 18th of dopant particles per cubic centi 
meter of channel material. Thus, such doping may be 
performed With less than an amount of dopant particles that 
Would result in degraded carrier mobility due to excessive 
impurity scattering. 
[0031] After formation of second layer 160, a third dielec 
tric layer may be formed over ?rst layer 150 and different 
second layer 160. For example, FIG. 6 shoWs the semicon 
ductor substrate of FIG. 1 after forming a layer of high 
dielectric constant material over the selectively deposited 
silicon and the selectively deposited silicon germanium 
material. FIG. 6 shoWs third dielectric layer 144, such as a 
layer of dielectric material having a relatively high dielectric 
constant (eg “a high K dielectric”, having a K greater than 
or equal to 3.9 and/or the K of silicon dioxide (SiO2)), Which 
may be betWeen 2 and 4 nano-meters in thickness, formed 
over ?rst layer 150 and second layer 160. Third dielectric 
layer 144 may be formed by atomic layer deposition (ALD) 
such as by ALD of silicon dioxide (SiOZ), hafnium oxide 
(HfO), hafnium silicate (HfSiO4), hafnium disilicate 
(HfSi4O7), Zirconium oxide (ZrO), Zirconium silicate 
(ZrSiO4), tantalum oxide (TaZOS). 

[0032] FIG. 7 shoWs the semiconductor substrate of FIG. 
1 after forming an NMOS device in the selectively deposited 
silicon material, and a PMOS device in the selectively 
deposited silicon germanium material. FIG. 7 shoWs ?rst 
layer 150 doped to form P-type channel region 176, and 
second layer 160 doped to form N-type channel region 186. 
FIG. 7 also shoWs NMOS device 178 having N-type gate 
electrode 170 on a surface of third dielectric layer 144 over 
?rst layer 150 (e.g., N-type gate electrode 170 having an 
electrically negative charge), N-type ?rst junction region 
172 and second junction region 174 in ?rst layer 150 
adjacent to N-type gate electrode 170 (e.g., such as N-type 
?rst junction region 172 and second junction region 174 
having an electrically negative charge). FIG. 7 also shoWs 
NMOS spacers 712 and 714 formed on surfaces of N-type 
gate electrode 170. Likewise, FIG. 7 shoWs PMOS device 
188 having P-type gate electrode 180 on a surface of third 
dielectric layer 144 over second layer 160 (e.g., such as 
Wherein P-type gate electrode 180 has an electrically posi 
tive charge), and P-type ?rst junction region 182 and P-type 
second junction region 184 in second layer 160 adjacent 
P-type gate electrode 180 (e.g., such as Where P-type ?rst 
junction region 182 and second junction region 184 have an 
electrically positive charge). FIG. 7 also shoWs PMOS 
spacers 412 and 414 formed on surfaces of P-type gate 
electrode 180. 

[0033] Thus, according to embodiments, ?rst layer 150 
may be formed suitable as P-type channel region 176 for 
NMOS device 178 on ?rst area 123 of substrate material 
120, ?rst layer 150 having a ?rst material With a ?rst lattice 
spacing different (e.g., such as smaller) than a substrate 
lattice spacing of a substrate material de?ning a ?rst inter 
face surface of the substrate (e.g., such as at ?rst area 123). 
Similarly, second layer 160 may be formed suitable as 
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N-type channel region 186 for PMOS device 188 on a 
different second area 125 of substrate material 120, second 
layer 160 having a different second material With a second 
lattice spacing different than the ?rst lattice spacing of the 
?rst layer and different than the substrate lattice spacing of 
the substrate material (e.g., such as by the second lattice 
spacing having a larger lattice spacing than the substrate 
material), Where the second layer de?nes a second interface 
surface of the substrate (e.g., such as at second area 125). 
Notably, the difference betWeen the ?rst lattice spacing of 
?rst layer 150 and the substrate lattice spacing at ?rst area 
123 may de?ne a tensile strain in the direction of arroWs 152 
and 154 in ?rst layer 150, Which is suf?cient to enhance or 
increase electron mobility in ?rst layer 150 (e.g., such as by 
at least 50, 75, 80, or 85 percent). Similarly, the difference 
betWeen the second lattice spacing of second layer 160 and 
the substrate lattice spacing at second area 125 may de?ne 
a compressive strain in the direction shoWn by arroWs 162 
and 164 in second layer 160, Which is suf?cient to enhance 
or increase hole mobility in second layer 160 (e.g., such as 
by at least 50, 80, 90, 100, or 110 percent). 

[0034] Furthermore, it can be appreciated that the tensile 
strain in ?rst layer 150 may be a bi-aXial tensile strain such 
as to stretch or expand ?rst layer 150 outWard in the 
direction of arroWs 152 and 154, as Well as in the direction 
of an arroW pointing toWards the vieWer and aWay from the 
cross sectional surface of ?rst layer 150 shoWn in FIGS. 5-7. 
Likewise, it can be appreciated that the compressive strain 
in second layer 160 may be a bi-aXial compressive strain 
such as to contract or squeeZe second layer 160 inWard in the 
direction of arroWs 162 and 164, as Well as in the direction 
of an arroW pointing aWay from the vieWer and toWards the 
cross sectional surface of second layer 160 shoWn in FIGS. 
5-7. More particularly, the thickness of substrate material 
120, and concentration of germanium at upper surface 129, 
thickness of ?rst layer 150, thickness of second layer 160 
and percentage of germanium in second layer 160 may be 
selected as described herein so that a tWo dimensional 
coherent tensile strain is induced in ?rst layer 150 from 
bonding of ?rst layer 150 at ?rst area 123 to substrate 
material 120 (e.g., such as a coherent strain caused by the 
atomic structure of the material of ?rst layer 150 lining up 
With the atomic structure of substrate material 120 at ?rst 
area 123, even though the material of ?rst layer 150 has a 
lattice alignment of a smaller lattice spacing than that of ?rst 
area 123). Similarly, the selections above can be made so 
that a tWo dimensional coherent compressive strain is 
induced in second layer 160 from bonding of second layer 
160 to substrate material 120 at second area 125 (e.g., such 
as a coherent strain caused by the atomic structure of the 
material of second layer 160 lining up With the atomic 
structure of substrate material 120 at second area 125, even 
though the material of second layer 160 has a lattice align 
ment of a larger lattice spacing than that of second area 125). 

[0035] Consequently, for a substrate material of Si1_XGeX, 
a ?rst material of Si, and a second material of Si1_YGeY, 
Where 10X represents the percentage of germanium in the 
graded silicon germanium substrate material 120 at ?rst area 
123 and second area 125, and 10Y represents the percentage 
of germanium in second layer 160 proximate to second area 
125, X may be less than Y. For instance, X may be betWeen 
0.1 and 0.3, While Y is betWeen 0.2 and 0.6. In some 
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embodiments, Y may be betWeen 0.1 and 0.3 larger than X. 
Moreover, in one embodiment, X may be 0.2 and Y may be 
0.5. 

[0036] In the foregoing speci?cation, the invention has 
been described With reference to speci?c embodiments 
thereof. HoWever, it Will be evident that various modi?ca 
tions and changes may be made thereto Without departing 
from the broader spirit and scope of the invention as set forth 
in the claims. The speci?cation and draWings are, accord 
ingly, to be regarded in an illustrative rather than a restrictive 
sense. 

What is claimed is: 
1. A method comprising: 

forming a ?rst layer suitable as a ?rst channel for a ?rst 
circuit device on a ?rst area of a substrate, the ?rst layer 
comprising a ?rst material having a ?rst lattice spacing 
different than a substrate lattice spacing of a substrate 
material de?ning a ?rst interface surface of the sub 
strate; and 

forming a second layer suitable as a second channel for a 
second circuit device on a different second area of the 
substrate, the second layer comprising a different sec 
ond material having a second lattice spacing different 
than ?rst lattice spacing and different that the substrate 
lattice spacing of the substrate material de?ning a 
second interface surface of the substrate. 

2. The method of claim 1, Wherein the difference betWeen 
the ?rst lattice spacing and the substrate lattice spacing 
de?nes a tensile strain in the ?rst material and Wherein the 
difference betWeen the second lattice spacing and the sub 
strate lattice spacing de?nes a compressive strain in the 
second material. 

3. The method of claim 1, Wherein the substrate material 
includes a graded silicon alloy material; 

Wherein forming the ?rst layer includes depositing a 
suf?cient thickness of a silicon material to cause a 
bi-aXial tensile strain in the ?rst layer; and 

Wherein forming the second layer includes depositing a 
suf?cient thickness of a silicon alloy material having a 
percentage of alloy to cause a bi-aXial coherent com 
pressive strain in the second layer. 

4. The method of claim 1, Wherein the substrate material 
is a graded silicon alloy material having a suf?cient thick 
ness and a suf?cient increase in percentage of alloy to a ?nal 
alloy percentage at the ?rst and second area to cause a 
bi-aXial tensile strain in the ?rst layer and a bi-aXial coherent 
compressive strain in the second layer. 

5. The method of claim 1, Wherein the substrate material 
comprises Si1_XGeX, the ?rst material comprises Silicon, the 
second material comprises Si1_YGeY, and X<Y. 

6. The method of claim 5, Wherein X is betWeen 0.1 and 
0.3, and Y is betWeen 0.2 and 0.6. 

7. The method of claim 1, further comprising forming the 
substrate material by suf?cient chemical vapor deposition of 
a silicon alloy material to form a graded relaXed layer of 
silicon alloy material. 

8. The method of claim 7, Wherein forming the graded 
relaXed layer of silicon alloy material comprises: 

chemical vapor deposition (CVD) epitaXial groWth of 
graded relaXed SiGe including: 
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heating the substrate to a temperature betWeen 500 C. and 
1000 C. in a hydrogen ambient ?oW (H2) of betWeen 5 
standard liters per minute (slm) and 50 slm; 

pressuriZing the substrate to a pressure betWeen 10 Torr 
and 200 Torr; 

?owing a silicon precursor at a How of betWeen 50 
standard cubic centimeters per minute (sccm) and 500 
sccm; 

increasing a How of a Ge precursor from 0 sccm to a ?nal 
value sufficient to cause the ?rst interface surface and 
the second interface surface of the substrate to have a 
percentage of Ge betWeen 10 percent and 35 percent. 

9. The method of claim 8, Wherein ?oWing a silicon 
precursor includes ?oWing one of silane (SiH4), disilane 
(SiZHG), and dichlorosilane (SiH2Cl2) to deposit a substrate 
base material having a thickness of betWeen 100 angstroms 
and 1000 angstroms of pure Si. 

10. The method of claim 8, Wherein increasing a How of 
a Ge precursor includes increasing a How of germane 
(GeH4) from 0 sccm to a ?nal value suf?cient to cause the 
?rst interface surface and the second interface surface of the 
substrate to have the percentage of Ge. 

11. The method of claim 7, Wherein forming graded 
relaXed SiGe includes ?oWing betWeen 50 sccm and 100 
sccm of HCl during chemical vapor deposition (CVD) 
epitaXial groWth of SiGe. 

12. The method of claim 1, Wherein forming the ?rst layer 
includes a suf?cient selective chemical vapor deposition of 
a silicon material to form an epitaXial layer of silicon 
material on the ?rst area. 

13. The method of claim 12, Wherein forming the epitaXial 
layer of silicon material comprises: 

selective chemical vapor deposition (CVD) epitaXial 
groWth of tensile strained Si including: 

heating the substrate to a temperature betWeen 600 C. and 
900 C. in a hydrogen ambient ?oW (H2) of betWeen 5 
standard liters per minute (slm) and 50 slm; 

pressuriZing the substrate to a pressure betWeen 10 Torr 
and 200 Torr; 

?oWing a silicon precursor at a How of betWeen 50 
standard cubic centimeters per minute (sccm) and 500 
sccm. 

14. The method of claim 13, Wherein ?oWing a silicon 
precursor includes ?oWing dichlorosilane (SiH2Cl2) to 
deposit a silicon material having a thickness of betWeen 100 
angstroms and 1000 angstroms of pure Si. 

15. The method of claim 12, Wherein forming the epitaXial 
layer of silicon material includes ?oWing betWeen 50 sccm 
and 500 sccm of HCl during chemical vapor deposition 
(CVD) epitaXial groWth of tensile strained Si. 

16. The method of claim 1, Wherein forming the second 
layer includes a suf?cient selective chemical vapor deposi 
tion of a silicon alloy material to form an epitaXial layer of 
silicon alloy material on the second area. 

17. The method of claim 16, Wherein forming the epitaXial 
layer of silicon alloy material comprises: 

selective chemical vapor deposition (CVD) epitaXial 
groWth of compressive strained SiGe including: 
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heating the substrate to a temperature betWeen 500 C. and 
800 C. in a hydrogen ambient ?oW (H2) of betWeen 5 
standard liters per minute (slm) and 50 slm; 

pressuriZing the substrate to a pressure betWeen 10 Torr 
and 200 Torr; 

?oWing a silicon precursor at a How of betWeen 50 
standard cubic centimeters per minute (sccm) and 500 
sccm; 

?oWing a Ge precursor at a How of up to 100 standard 
cubic centimeters per minute (sccm) to cause the sec 
ond layer to have a percentage of Ge betWeen 20 
percent and 50 percent. 

18. The method of claim 17, Wherein ?oWing a silicon 
precursor includes ?oWing dichlorosilane (SiH2Cl2) to 
deposit a SiGe material having a thickness of betWeen 100 
angstroms and 1000 angstroms of SiGe material. 

19. The method of claim 17, Wherein ?oWing a Ge 
precursor includes ?oWing GeH4 to cause the second layer 
to have a thickness of betWeen 100 angstroms and 1000 
angstroms of SiGe material. 

20. The method of claim 16, Wherein forming the epitaXial 
layer of silicon alloy material includes ?oWing betWeen 50 
sccm and 500 sccm of HCl during chemical vapor deposi 
tion (CVD) epitaXial groWth of compressive strained SiGe. 

21. The method of claim 1, further comprising: 

forming the substrate of a graded SiGe material prior to 
forming the ?rst layer; and 

forming an electronically insulating material betWeen the 
?rst area and the second area prior to forming the ?rst 
layer. 

22. The method of claim 21, further comprising: 

doping the substrate material at the ?rst area With one of 
boron and aluminum to form a P-type Well region 
having an electrically positive charge; and 

doping the substrate material at the second area With one 
of phosphorous, arsenic, and antimony to form an 
N-type Well region having an electrically negative 
charge. 

23. The method of claim 22, further comprising: 

forming a ?rst dielectric layer over the different second 
area of the substrate prior to forming the ?rst layer; 

forming a second dielectric layer over the ?rst layer prior 
to forming the different second layer; 

forming a third dielectric layer over the ?rst layer and the 
different second layer; 

Wherein the third dielectric layer is formed by atomic 
layer deposition of one of silicon dioxide (SiOZ), 
hafnium oXide (HfO), hafnium silicate (HfSiO4), 
hafnium disilicate (HfSi4O7), Zirconium oXide (ZrO), 
Zirconium silicate (ZrSiO4), tantalum oXide (TaZOS). 

24. The method of claim 23, further comprising: 

doping the ?rst layer With one of boron and aluminum to 
form a P-type channel region having an electrically 
positive charge; 

doping the second layer With one of phosphorous, arsenic, 
and antimony to form an N-type channel region having 
an electrically negative charge; 
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forming an N-type gate electrode on a surface of the third 
dielectric layer over the ?rst layer; 

forming an N-type ?rst junction region and an N-type 
second junction region in the ?rst layer adjacent the 
N-type gate electrode; 

forming a P-type gate electrode on a surface of the third 
dielectric layer over the second layer; 

forming a P-type ?rst junction region and an P-type 
second junction region in the second layer adjacent the 
P-type gate electrode. 

25. The method of claim 1, further comprising forming 
the substrate material by: 

groWing a ?rst thickness of SiGe material on a bulk 

substrate; 
transferring a relaXed top thickness of the SiGe material 

onto a substrate comprising an insulator material. 
26. An apparatus comprising: 

a layer of a silicon material suitable as a ?rst channel for 
a ?rst circuit device on a ?rst area of a Si1_XGeX 
material de?ning a ?rst interface surface of a substrate 
of graded relaXed silicon germanium material; 

Wherein the layer of silicon material is under a tensile 
strain caused by a lattice spacing of the silicon material 
being smaller than a lattice spacing of the Si1_XGeX 
material at the ?rst interface. 

27. The apparatus of claim 26, further comprising a layer 
of a Si1_YGeY material suitable as a second channel for a 
second circuit device on a second area of the Si1_XGeX 
material de?ning a second interface surface of a substrate of 
graded relaXed silicon germanium material; 
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Wherein the layer of Si1_YGeY material is under a com 
pressive strain caused by a lattice spacing of the 
SiLYGeY material being larger than a lattice spacing of 
the Si1_XGeX material at the second interface. 

28. The apparatus of claim 27, Wherein the layer of silicon 
material is an epitaXial layer of silicon material having a 
thickness of betWeen 10 nano-meters and 20 nano-meters in 
thickness; and Wherein the layer of Si1_YGeY material is an 
epitaXial layer of Si1_YGeY material having a thickness of 
betWeen 10 nano-meters and 20 nano-meters in thickness. 

29. An apparatus comprising: 

a layer of a Si1_YGeY material suitable as a second channel 
for a second circuit device on a second area of a 

SiLXGeX material de?ning a second interface surface of 
a substrate of graded relaXed silicon germanium mate 
rial; 

Wherein the layer of Si1_YGeY material is under a com 
pressive strain caused by a lattice spacing of the 
SiLYGeY material being larger than a lattice spacing of 
the Si1_XGeX material at the second interface. 

30. The apparatus of claim 29, Wherein X is 0.2 and Y is 
0.5. 

31. The apparatus of claim 29, Wherein graded relaXed 
silicon germanium material has one of a thickness of 
betWeen 1 micrometer and 3 micrometers in thickness, a 
grading concentration of germanium that increases from 0 
percent to betWeen 10 percent and 30 percent at the ?rst and 
second interfaces, and a grading concentration rate that 
increases at betWeen 5 percent Ge and 15 percent Ge per 
micrometer in depth. 


